was performed for the Uninterrupted Recovery Experiments and provided in Suppl. Fig. 2A Only mice that did not receive ocular protection and recovered in the open chamber had lesions 3 7 9 visible by imaging. Lesions could be observed to varying degree using the five native 3 8 0 reflectance and autofluorescence SLO imaging modes ( Fig. 1D 1-5 ). Two mice, out of 10 3 8 1 affected, had visible lesions only after the camera head was panned to the peripheral retina 3 8 2 (see Suppl. Fig. 2B ). SD-OCT imaging immediately following SLO revealed lesions confined to 3 8 3 the outer retina and almost exclusively to the photoreceptor layer ( Fig. 1E-bracket) . Hypo-and 3 8 4
hyper-reflective features visualized by SD-OCT within the SLO identified lesion boundaries 3 8 5 resembled pathologies common to models of Age Related Macular Degeneration such as Outer 3 8 6
Retinal Tubulation (ORT) (Zweifel, Engelbert et al. 2009 ) and Reticulated Pseudodrusen (RPD) 3 8 7 (Khan, Mahroo et al. 2016) . Histology confirmed the presence of outer retinal pathology ( Hyporeflective circular features observed by SD-OCT imaging were found to be atypical of 3 9 0
ORTs and more similar to pseudo or subretinal cysts as no cells were encircling the vesicular 3 9 1 void ( Fig. 1F 2 & 1G 2-5 ). Additional observations include the evidence of displaced 3 9 2 melanosomes and/or melanin pigment granules ( Fig. 1F 2&4 -yellow arrows), a detached RPE 3 9 3 cell or infiltrating sub-retinal inflammatory cell (Fig. 1F 3 -yellow arrows), and RPE 3 9 4 hypopigmentation ( Fig. 1F 4 -black arrowheads).
9 5
Electroretinograms performed on the C57BL/6J cohort one-month post-EPIP 3 9 6 demonstrated that functional changes were correlated with the mice recovered without ocular 3 9 7 protection in open chambers (Suppl. Fig. S3 ). In Suppl. mice that could be imaged (3/3) had retinal lesions while the remaining mouse that could not be 4 1 7 assessed had irreversible ocular damage in the form of microphthalmia secondary to an 4 1 8 ulcerated cornea. 4 1 9
Mean overlays pinpoint areas of the retina that were vulnerable to lesion development 4 2 0 (Fig. 2B) . After 45 minutes of exposure, it is apparent that lesions are forming in the superior-4 2 1 nasal and inferior-temporal regions. At 65 minutes, lesions in the superior-nasal and inferior-4 2 2 temporal regions expand in coverage with an additional dominant location in the superior-4 2 3 temporal region emerging. Additional, smaller lesions appear in the nasal and superior regions 4 2 4 at 65 minutes and by 75 minutes, all observances increased in frequency, magnitude and area, 4 2 5
and have become widespread throughout the FOV. 4 2 6
Horizontal meridian SD-OCT B-scans from the same IRDF-SLO fundus image shown in 4 2 7 Figure 2A (Example No. 3 @ 75 minutes) are shown in Figure 2C . A nasal region B-scan 4 2 8
shows abnormal outer retina morphology through the middle of the lesion. Lesion severity was 4 2 9 more pronounced at 3 days post-EPIP than 14 days (Fig 2C vs. 1E ). Both hyper-and hypo-4 3 0 reflective changes (Fig 2C- and 65 and 75 minutes, the total lesion area increased ~2.5 times. A One-way ANOVA 4 4 0 indicated the increasing trend in total lesion area was significant (p=0.01) as well as the 4 4 1 changes observed between 25 and 75 minutes (p=0.008) and 45 and 75 minutes (p=0.034).
2
The mean number (#) of lesions increased with exposure time and was 0±0, 4.3±3.1, 6.3±1.5, 4 4 3 8±1 for 25, 45, 65, and 75 minutes, respectively. Average individual lesion size (area%), relative 4 4 4 to the percentage of the montaged FOV, was 0±0, 0.9±0.6, 1.8±0.9, 3.9±2.6 for 25, 45, 65, and 4 4 5 75 minutes, respectively. For reference, the average size of the optic disk for the twelve fundus 4 4 6 montages shown in Fig. 2A When we combined the results from both the uninterrupted (Grps 1-2) and 4 5 3 interrupted (Grps 4,6-7) experiments, a time-response curve could be generated ( One mouse observed with lesions at 3-days post-EPIP following a >60 minute recovery 4 6 5 was monitored for up to 2.5 months to determine if the acutely induced developments would 4 6 6 absolve or persist. Figure 4 shows examples of lesions documented at 3-days post-EPIP and 4 6 7 up to 80 days thereafter by SLO, TEFI and FA-SLO imaging. Fig. 4A demonstrates a prominent 4 6 8 lesion observed by IRDF-SLO at 3-days post-EPIP that quickly resolves to nearly undetectable 4 6 9 levels at 14-days post. Different changes persist at 14-days post, which appear as relatively 4 7 0 small perturbations of hypo-or hyper-reflective spots, or variations in background intensity 4 7 1 within the original lesion boundary relative to other unaffected areas of the image FOV. The 4 7 2 spots slowly absolve over time to non-detectable levels by 80 days post when observed by 4 7 3 IRDF-SLO imaging. The same lesion identified by IRDF (Fig. 4A) is shown by IR-, RFDF-and 4 7 4 BAF-SLO in Fig. 4B . The IR reflectance image shows the lesion as a hypo-reflective area in the 4 7 5 superior-temporal region that is not readily discernable 80 days post in the superior view; 4 7 6 however to an experienced eye, some residual perturbations can be observed, such as 4 7 7 punctate hyper-and hypo-reflective spots within the original lesion boundary. In contrast to the 4 7 8 two IR imaging modes, blue light illumination imaging modes (RFDF and BAF) showed more 4 7 9 apparent features at 80 days post. The RFDF and BAF imaging example suggests an outer 4 8 0 retina still actively undergoing modification or repair from the original insult.
8 1
The same mouse underwent TEFI imaging and SLO angiography to show the 4 8 2 appearance of the lesions using visible-light fundus photography and for the presence of sodium 4 8 3 fluorescein leakage at the previously documented lesions sites ( Fig. 4C & 4D) . TEFI showed 4 8 4 the lesion areas as red in color suggesting visualization of the underlying choriocapillaris and 4 8 5 circulating erythrocytes (Fig. 4C) . Additional TEFI images of lesions a few days post-EPIP are 4 8 6 provided as supplemental materials for comparison to the mature lesion shown (Fig. 4C) and 4 8 7 demonstrate that recently induced lesions have a reflective white appearance (Suppl. Fig S4) . 4 8 8 FA-SLO of the camera focus trained on the RPE show irregular fluorescence patterns in the 4 8 9
super-nasal and super-temporal regions relative to the surrounding areas (Fig. 4D) . These 4 9 0 regions of atypical visualization correspond well to the retinal lesions detected using TEFI and 4 9 1 native reflectance/autofluorescence SLO imaging modes that could indicate fluorescein uptake 4 9 2 or leakage by the RPE or alternatively, trans-RPE visualization of the circulating fluorescein 4 9 3 within the choriocapillaris. Sodium fluorescein demarcation is no longer evident when the 4 9 4 camera focus is repositioned to image the deep vascular capillary plexus of the retina further 4 9 5
indicating that the defect is isolated to the distal region of the outer retina and perhaps 4 9 6 exclusively to the RPE. 4 9 7 4 9 8 8 (Muir and Duong 2011, Moult, Choi et al. 2017) . As others and we (Fig 1A & B) have shown, 5 9 9 many of these effects are short-lived and usually reverse upon recovery; however, long-term 6 0 0 damage can ensue. 6 0 1
In these studies we have demonstrated that lesions involving the outer retina develop in 6 0 2 two independent lines of mice following general anesthesia and simulated routine experimental 6 0 3
procedures. The two recovery conditions tested demonstrate that: (1) eyes protected from 6 0 4 desiccation using evaporation-impermeable methods (ointment + eye shield) do not result in the 6 0 5 development of any immediate, or latent, ocular complications regardless of how the mouse is 6 0 6 recovered (open vs. closed chambers), and (2) eyes left unprotected, but insulated from the 6 0 7 effects of evaporation accomplished by placing the mouse in a closed, humidified chamber 6 0 8
showed only one minor complication (lens media opacities) that resolved upon recovery. This in 6 0 9 direct contrast to eyes left unprotected and exposed to the effects of evaporation, accomplished 6 1 0 by placing the mouse in the open recovery chamber, which exhibited a multitude of ocular 6 1 1 changes and complications including prominent retinal lesions. Eyes left exposed were 6 1 2 subjected to prolonged desiccative effects of circulating room air at standard environmental 6 1 3 temperature and humidity levels. A sigmoid curve fit of the data obtained in this study shows 6 1 4 that the risk initiates around 30 minutes post-exposure onset and reaches a maximum 6 1 5
probability of ~90% at ~45 minutes. 6 1 6
The comprehensive imaging studies we performed involving both anterior and posterior 6 1 7 poles provided probable cause as to why a lesion did or did not materialize under the 6 1 8 contrasting conditions tested. As anterior segment SD-OCT imaging showed, mice that 6 1 9
recovered in the open chamber, without any ocular protection, underwent continual change over 6 2 0 time as the sedation cycle ran its natural course. Our original hypothesis (lesions were caused 6 2 1 by exophthalmia) was negated by observations of ocular exophthalmia in all mice regardless of 6 2 2 ocular protection or recovery chamber status ( Fig. 5C & 5D ). Proptosis occurred soon after 6 2 3 recumbence and essentially remained constant, relative to other parameters measured, over 6 2 4 the time period the animals were followed post-EPIP (Fig. 6) . After anesthesia induction, visible 6 2 5 exophthalmia was observed and soon followed concomitantly by other changes such corneal 6 2 6 thinning, lens media opacity changes, and anterior chamber depth. Lens media opacity 6 2 7 magnitude appears to reach a plateau first at ~15 minutes, followed by corneal thinning at ~20 6 2 8 minutes and lens media opacity area and integrated density at ~30 minutes. These changes all 6 2 9 reached asymptotes at 15-30 minutes post-recumbence with exception to anterior chamber 6 3 0 depth, which continued to change with increasing exposure time. This decrease did not seem to 6 3 1 occur as a result of the cornea collapsing and/or the deflation of anterior chamber compartment. 6 3 2
Instead, the lens steadily migrated into the anterior chamber as a result of a void being left by 6 3 3 the loss of aqueous humor. Previous studies with KX anesthesia in mice have shown a 6 3 4 precipitous decline in intraocular pressure over time (Ding, Wang et al. 2011) , which tends to 6 3 5 support our imaging observations of decreasing anterior chamber depth that can be 6 3 6 extrapolated as being synonymous with decreasing anterior chamber volume. As revealed by 6 3 7
Figures 5A & 5G lens migration was substantial and approximately half of the lenses observed 6 3 8 came into direct contact with the posterior corneal surface. In some occurrences, the anterior 6 3 9
lens capsule appeared to adhere to the cornea endothelium (Suppl. 
4 6
We suspect that these anterior segment changes are substantial enough that they could be the 6 4 7 underlying cause of corneal ulcerations and microphthalmia that commonly occur in mice 6 4 8 following experimental studies; which occurred in 14% (3/22) of our mice left exposed in the 6 4 9 open chamber for 65 minutes or longer. 6 5 0
Based on these observations we propose that a cascade of events leads to the 6 5 1 formation of retinal lesions in unprotected eyes. First, when mice are administered anesthesia 6 5 2 and pupil dilation drops, they receive an extremely large dose of alpha-1 & 2 adrenergic 6 5 3 receptor agonists that results in vasoconstriction, extraocular muscle relaxation, and as we and 6 5 4 others have shown, exophthalmia (Calderone, Grimes et al. 1986 ). Soon thereafter, processes 6 5 5 involved with tear film production and aqueous fluid turnover are suspected to be "clamped" or 6 5 6 at least substantially disrupted (Calderone, Grimes et al. 1986 ). These conditions render the 6 5 7 eye prone to complications, as it is unable to regulate and properly supply and/or drain aqueous 6 5 8 humor production from the ciliary bodies, Trabecular meshwork and Schlemm's canal. Drug-6 5 9 induced exophthalmia, causing excessive ocular exposure, results in rapid depletion of the tear 6 6 0 film whereby corneal desiccation and dehydration ensue. As the rate of evaporation exceeds 6 6 1 that of aqueous humor production, prolonged exposure depletes aqueous humor volume via 6 6 2 transcorneal water loss (Weinstock and Scott 1967, Fraunfelder and Burns 1970) . As 6 6 3 transcorneal water loss progresses, the steady reduction in anterior chamber volume is 6 6 4 subsequently followed by a concomitant decrease in intraocular pressure. As aqueous volume 6 6 5 and pressure decline, we speculate that a pressure imbalance occurs between the anterior and 6 6 6 posterior chambers. This causes the lens to be either drawn into the anterior chamber by a 6 6 7 negative pressure created by the depletion of aqueous humor or alternatively, the lens may be 6 6 8 pushed into the anterior chamber by the positive pressure that remains within the posterior 6 6 9 chamber. Alternatively, exophthalmia appears to position the lens equator right at the 6 7 0 supraorbital margins. Taking into account the decreasing anterior chamber volume and 6 7 1 pressure, in conjunction with the marble-like rigidity of the lens, this atypical positioning 6 7 2 arrangement of the globe may apply enough extra-orbital pressure on the superior and inferior 6 7 3 regions to semi-extrude or propel the lens into the anterior chamber. 6 7 4
As exposure duration progresses, the prolapsing lens begins to apply ever-increasing 6 7 5 traction on the radial suspensory ligaments (e.g. zonules of Zinn). The ligaments connect the 6 7 6 lens to the inner ocular surface, inserting first at the ciliary processes, passing through the Pars 6 7 7 plana, and terminating at the Ora serrata (McCulloch 1954 , Shi, Tu et al. 2013 ). The ligaments 6 7 8
tether the lens to the inner ocular globe surface in a completely circumferential manner. As the 6 7 9 lens moves farther into the anterior chamber, the force being applied on RPE-Bruch's 6 8 0 membrane complex exceeds the point at which some areas of the choriocapillaris can sustain 6 8 1 perfusion, ultimately, causing localized ischemia to certain regions. The ischemia is short-lived 6 8 2 as it is followed immediately thereafter by reperfusion upon recovery from the effects of 6 8 3 sedation. Unfortunately, the cause and effect outlined here remains speculative since it is 6 8 4 impossible to visualize this process in real time by in vivo imaging. Non-invasive imaging 6 8 5 methods (e.g. FA, ICGA or OCT-A) that could be used to further investigate this phenomenon 6 8 6
are not feasible due to the severe media opacities that occur during the process. 6 8 7
Imaging and histology observations have revealed that the induced damage is limited to 6 8 8 the outer retina as no evidence of retinal vasculature or inner retina damage has been 6 8 9
documented. The damage we have observed post-induction via non-invasive imaging appears 6 9 0 to be specifically limited to the RPE and immediately adjacent photoreceptor layer. This 6 9 1 observation underscores how important perfusion and oxygenation are to the metabolically 6 9 2 demanding outer retina and RPE. The diminishing lesion visibility over time suggests that there 6 9 3
is an initial area at risk followed by a smaller area of necrosis, much like that observed in 6 9 4
ischemia-reperfusion injury of mouse myocardial tissue (Bohl, Medway et al. 2009 ). In the long-6 9 5 term example shown in Figure 4 , the dark area demarcated at day 3 by IRDF was suggestive of 6 9 6
an area at risk as the visible IRDF changes disappeared by 14 days post-induction. Meanwhile, 6 9 7 RFDF, BAF, TEFI color fundus, and FA-SLO show that perturbations still persist at 80 days 6 9 8
post-induction and are indicative of some lasting consequences. Between these time points the 6 9 9 initial area of risk became an area of necrosis that was only ~75% of the original risk size. 7 0 0
Ideally, future studies would address in more detail the dynamics between acutely visible 7 0 1 damage and the long-term consequences of the initial brief insult observed at 3 days post-7 0 2 induction. 7 0 3
Finally, we observed an interesting trend in the color/brightness of media opacities and 7 0 4 the risk of lesion formation. If the opacity is of faint brightness, and has a bluish-gray hue, then 7 0 5 our observations demonstrate that there is a low risk that a retinal lesion has formed by that 7 0 6 particular moment. However, if the media opacity is bright, and predominantly more grayish-7 0 7 white in hue, then it is very likely that the retina is at risk of developing lesions. These changes 7 0 8 appear to occur in two general phases that can be divided at ~25-minute recovery mark. Under 7 0 9 ½ hour, during the early phase, opacity magnitude and area reach a plateau within ~25 minutes. 7 1 0
At this time the reduction (~25%) in anterior chamber depth is small and thus the lens is still 7 1 1 quite distal from the posterior cornea. This condition gives the lens media opacity a bluish hue 7 1 2 to the observer since the lens is still quite distal from the cornea. As we showed in and/or abnormal uptake of the fluorophore at the RPE level whereas no evidence of leakage 8 1 6
can be observed in the deep plexus of the retinal vasculature. The enhanced visualization of red 8 1 7
reflectance and green fluorescence for the TEFI and FA-SLO images, respectively, could 8 1 8
alternatively be due to hypo-pigmentation of the RPE as previously indicated in Figure 1F 4 . 8 1 9
These observations suggest that the damage remaining at this late stage is perhaps isolated to 8 2 0 the RPE. Qualitatively, it is easily observed that eyes immediately following EPIP have a charcoal black 8 4 5
appearance and transition to a bluish-gray hue within 25 minutes. Past 25 minutes, eye 8 4 6
opacities become brighter in appearance and proceed towards a neutral, grayish-white color. 8 4 7
These visual, qualitative observations were quantified so that they could be shown graphically in 8 4 8 CIE L*a*b* color space (B). (C) Brightness (L*) significantly increased with exposure duration. 8 4 9
(D) Green-Red (a*) exhibited a small (~2-3 units), but significant shift from neutral to a green 8 5 0 plots shown in C-E were used to generate a CIE Lab Space Color Rendition (B) to artificially 8 5 5
recreate the mean appearance of mice with ocular opacities. In these examples the mean CIE 8 5 6
Lab values for the pupil are reported as L*, a*, b* values and displayed in a two-dimensional, en 8 5 7
face view of the mouse eye including the surrounding iris and periorbital region. This example 8 5 8
demonstrates that the reconstituted color values are similar to the in vivo digital color 8 5 9
photographic observations and accurately replicate these changes. Retinal lesion impact area 8 6 0 correlated moderately strong with ocular exposure duration, decreasing anterior chamber depth 8 6 1 and opacity brightness. Thus, it would appear that opacity brightness is a good visual indicator 8 6 2 of lesion development probability. 
